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where if 1,3,k represent the dextral set of orthogona;
unit vectors fixed in the body-fixed frame, then 8, is
the rotation of 7, ©,is the rotation of J and 6, is the
rotation of k. |

The angular velocity of the orbiter can be

transformed from the inertial frame to the body-fixed
frame for the body-~three angles as.

s | (2)

The total kinetic €nérgy expression of the system
can be given as [4] E

w =M

T=To+TyeT, (3)

where T, is the kinetic edergy‘of the shuttle ang is
given as

. T |
To= 1/2 mlvTV+1/2 wliw (4)

The kinetic €nérgy of the flexible beam is T, and it
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[n B
, 1:1 P1i 9 .
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The kinetic energy T2 » of the tip mass (the reflector)
is
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T T T .
T2 1/2 m,,__0 !0 - m2_0 a(L)w + m2_O d(L)

- 12 mwld (L)3(L)w + m, oTa(L)d(L)

+ U2, d"(L)d(L) + 172 2TI0 (11)
where
.ux W
g =u+ |b, () | (12)
4y ]
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= V2m, VoV, - myl 3w + moV§ d(L)
- l/erQw a(L)a(L)m * Moo a(L)q_(L)

+ 12 m, [1): z?m(LM 5t )q q + z >:¢~ (,L) ¢yJ(L)q q 5]

*U2PT 1, P+ 1/20 1o (13)
where
P [-¢x1(L)q i(t) Z"* (]L)q (t) ~¢w(,1- (t)] - (14)

Jbst1tut1ng T o, Tl and T, from the foregoing equations

"to equation (3), the total kinetic energy expression
can be written as

T=l2mo V'V +ul WY+ 17247 1 o viag

+3TA2q__+ 1/2q A3q | (15)

where
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me=m,+ ol +m, | (16)

0 1
H=(pL +m E+"H€“)+M§ (17)
I, =T,+d+1, ' (18)
and also
A _q_ = a+m, é(") (19)
A, 3 =T g +5 *+m,Fd(L) + ma(L)d(L) (20)
B -
~ 0
_ ‘ T
Ay = "’L+m 2P *Peil + ¢ (L) o (L) (21)
L 0 N |
'he matrix ¢'(L) is given as
I 0 0 ;
[N (L)
0 o1y (L) ©
SURRN USRI b1y M -
L I (22)
| oot (L) 0 0
0 - ¢iy(L) 0
0 ' 0o | y’¢1.w(L)J /00




4= N+ F(t) (26)

where the nonlinear term N,is given as

mY - Ha + A,

Ni=-CC(moV-Hur Arq) | (27)
=8 (moX- Hus AQ )

Similarly, using eqUation (2) and the chain rule in the

Lagrange's equations, the rotational equations are
zbtained as

HV + I 0+ Ao = B(t) + N (28)

where GIt) is the net moment about the mass center of
the orbiter and is given as

§=8,r(rea)xf (29)
and the nonlinear term N, s given 1in terms of
transformations M and C, and w , V and 8 .The vibration
equations of the beam can be obtained by again using
Lagrange's equations and the potential energy function

-

U=1/2q'kKqg (30)
~here the stiffness matrix K is given as
erc 3 4 |
K = L3 (31)
N
The vibration equations are
. T se
ALY+ &'a v A3 = kg (32)
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To o+ A,q=6(t) + N,(w) (33)

2w+ Ay q = -Kgq | o (34)

Equation (33) can be rewritten as

b =L [ 8+ Np(w) - Asq] (35)
The first three Euler parameters are defined as
[ eq ]
e 2| e =2 sinyr2 (36)
L €3
ey 2 cos v/2 . (37)
de 212 (e wrex w) (38)
d
Jey = -1/2 wee (39)
dtw=2(eud-éue-exd-€-) (40)
- de .'dt = =T
g =gr=h(e v (41)
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